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Digital Castas Loop 

Tha Digital Costds Loop (CX:l) performs many of thd 
basdbdml processing tasks required tor the dernoduiation of 
BPSK. QPSK. a-PSK, OQPSK, FSK. AM and FM 
wavetbrms. These tasKs indude matched filtering, carrier 
tracking, symbol syncnronlzation. AGC, and soft decision 
slicing. Tne DCL Is designed far use vwth me H5P50110 
Digital Quadrature Tuner to provide a two chip solution fbr 
digital down conver^n ana demodulation. 

Tne DCL processes the tn-phase (1) and quadrature (Q) 
components of a pa^eband signal which havo been digitized 
to 10 bits. As shown in the block diagram, the main signal 
path consists of a complex multlpllBf. selectaWe matched 
filters, gain multlpJiars, canesian-to-poiar convener, and soft 
deci&lcn ^licur. The complex myltipller mtxea me i ana Q 
inpuis with the output of a quadrature NCO. Following the 
mix function, selectable matched filters are provided which 
perform integrate and dump or root raised cosine filtering 
(a " 0.4O). Tne matched filter output is routed to the sheer, 
which generates S-bIt soft decisions, and to die cartosian-to- 
pdar converter, which generates the magnitude and phase 
terms required by the AGC artd Carrier TracKing Loops. 

The P|_L system solution Is compleied by the HSP50210 
ennor detectors and second order Loop Filters that provide 
carrier tracking and symbol synchronization signals. In 
applications where the DCL is used with the HSP501 10. 
these control loops are closed through a serial Inter^oe 
between the two parts. To maintain the demodulator 
parfbrmanee with varying signal power and SNR. an internal 
AGC loop is provided to establish an optimal signal level at 
the input to the slicer and to tha cartaslan-i&^poiar convener 
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Features 

• Cl0CKRaiesUpto&2MHz 

• Selectable MatchMd Filtering with Root Raised Cosine or 
integrate and Dump Filter 

• Second Order Cairier and Symbol Tracking Loop 
Filters 

• AutomaJcGalnCon^TDit^ _ . 

• Discriminator for PM/FSK Detection and Discriminator 
_ Aided Acquisition . 

• Swept Acquisition with Programmable Unuts 

- LockDeiector 

• Data Quality and Gignai Level Measurements 

• Cartesian to Polar Converter 

- 8-6it Microprocessor Control - Status Interface 

• Designed to work with the HSPSOi 10 Digital 
Quadrature Tuner 

• B4LeadPLC0 

Applications 

« Satellite Receivers, and Modems 

• BPSK, QPSK, 8-PSK. OQPSK, FSK. AM and FM 
Damodulators 

• Digital Caniar TracJcing 

• Related Products: HSP501 10 Digital Quadrature Tuner. 
D/A Converters HI5721, HIS731. HI5741 

- HSP501 10/21 OEVAL Digital Damod Evaluation Board 
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On/ering Information 



PART NUMBER 


TEMP. 
RANGED 


PACKAGE 


PKG, 
NO, 


HSP60210JC-52 


QtaJO 


84 Lead PLCC 


N84.1.15 


HSP50210JI-S2 




84 Leaa PlCC 


Nd4,1.15 
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Pin Description 



NAM£ 


TYPE 


DESCRIPTION 


Vcc 




r5V Power Supply. 


GND 


- 






1 


in-rn^So r'BiBJiof inpUl* Umm rtm!/ 0« IWOS CCVnpiomBni w OnSel Binary lOinifli (SSe laiJlc 1 riBse inpms ore 

samplao Py CtK wnen me sync filgn^ is aenvo low. I1N9 is m& MSa See input Controller Section. 




1 


Quadrature Paraltel Input Data rnay De two's oomplenient or offset Hn^ry Ibrmai (see Tat3|e 14). Diese inputs are 
sQrnpied Dy cus wnen me a ■ Inu signai is acQve lo\m uiNa is me Msn^ see inpui (xituuiisr decuan* 




1 


Data Syna Whsn SYNC i& assened "Uom^. data on IINM and QiN9^ is clocKed Into me processing ptpelihe by the 
rising edge of CLK. 


COF 


0 


Carrier OfEset Frequency. The (requenoy term oenemted by tna Camsi TracKtng loop FPter is output serially via mts 
pin. The new offset frequency is shifted out lASQ first by CLK or SuOCLK starting vritti the ctodc cyoe afoar iha 
assertion of COFSYNC 


COFSYNC 


o 


Carper Offset Frequency Sync. This signal is assenad one CLK or StOCLK cyde b€^ me ^4SB of me serial data 
word. (Prograrnma bJe Pol^lty. see TaDle 41 , bit 11 ). 




0 


Sampler Offset Frequency Sample frequency correction temn Qsnenstv^d by the Symbol TracKing Loop Filter is output 
senaily via this pin. The frequency viurd is sniftad out MS^ first by CLK or SLOCLK starting wjm tne ciocK cycle attar 
assertion of SOFSYNC. 


SOFSYNC 


0 


Sampler Oflsei Frequency Sync. TTiis signal is asserted one CLK or SLOCLK cycle pe^ the MSB of me serial 
data wora {Piogrammabla Marliy. see Tanfe 41, bit 12), 






Address Bus. Tlie address on these pins specify a target regisiBr for reacting or writing (see Microprocessor Inteffaoe 
sectronj.AOismeLSB. 


C7-0 


I/O 


Microprocessor imer^ce Pata Bus. Tnis Dr-directiona! bus is used for reading and wnung lo tne prooessoir tnterfsce. 
These are the data I/O pins for the processor intertace. CO is the lSB. 


WR 


1 


Wnte. Thfl'e is the write strobe Ibr the prooesaor tnterfaoe (see Miciopnnessor mterlabe Section). 


w 


1 


Read. This is me redd enable Ibr the processor inters (see I^|crt)prt)cas8cr mter^ce Section). 


FZ_ST 


1 


Freeae Symbol Tracking uoop. Asserting this pn "high" zeroes the sampling error into me Symoo) TracKing Loop 
riiier (see oyrnooi iracKing Loop riner oecoon;. 


F2LCT 


1 


Freeze Canfer TnacMng Loop. Aseening this pin ^tgh*" zeroes the cartier Phase Error input to tne Carrier TracKing 
Loop rilteT' 


LKINT 


o 


Lode Detect inteirupL This pin is assenad "high' for at least 4 CLK cycles when the lock Detector Integration cyde 
IS finished (see Lock Detector Section). Usea as an interrupt Ibr a processor. The lock Deiaoi Interrupt may be 
asserted 'high'' longer man 4 CLK cycles, daparKlng on the Lock Detuctor mode. 


THRESH 


0 


Ttveshold Exceeded. This output js asserted 'low* v/ften me rnegruigde out of the (^rtesfan to Poser convener 
exceeds the pnogremrnable PdMer Detect TTiresnt^d (see Table 1 6 apt! AGO Section). 


SLOCLK 


0 


Slov CWiL Optional sertal dock used (br outputnng data from me Currter and Symbol TracKing Loop Filters. Tne 
ctocK is programmabie and naa a ao% duty eyde. Nere: Hot Msetf wimt We HSFSQ110 is useti with me 
tiorDUXiu fsee j9oto ^jjm 


ISER 


1 


In-Pnase Serial Input Serial data input Ibr in-Pnaee Data. Data on mis pin is shifted in MSB fir^t ana Is synchronous 
to ocKC^Lis (see input wonwaisr becuonj. 


QSER 


1 


Ouaarerture Senal Input Serial data mput ficr Quaqraure OaiB. Data on mis pin is shifted in MSB fir^t and is 
syncnronous » Sckcuv (see input controller becaon). 


SSYNC 


' 


Serial ^Ato|t1 Syne. T^18 Input is asserted *high' one (XKbefom the f)^^ tnt of the serial motq (see Figure 2). 






Serial Ck)GK. May be asynchronous to otner docks. Used to dock In sur^ai dam (see input Controller Secik>n>. 


Aoura-o 


o 


A OutpuL Data on mis output depend on me oonflgwaDon or Output Seiedor. A0UT9 is me MSB (see Table 42). 


BOUTW) 


0 


B Output Data on mis output depend on the Gonfiguration of OuipuT saiacior. B0UT9 is tne MSB (see Table 4?). 


SMBLCXK 


o 


Symbol CiocK. 60% duty cyci9 GipcK aligned wim soft bit dectstor^s (8e9 F^ure 19). 


5S 


1 


A Output Enade. This pin is the mrea-siaie corard pin (br me AOUTd^. wnen SlA is high, me AOUTM is high 
impeoanbe. 






B Output Enable This pin is tne tnreMtate eontrd pin tbr me BOUT^O. When OEB is high, the aOUTM is high 

Impedance. 




0 


Hl/LO. The output of me Input Level Deiecsor is provided on mis pm (see input Level Detector Section). This signal 
can be externally averaged and useq to control tne gain of an amplifier to ctose an AGO loop around the A/D 
ocnverter. This type of AGC sets the level be&ad on the me(£an value on me Input 




1 


System dock. Asyncnmnous to tne processor interface and aerial inputs. 



3-3 I JjOSBOil 



PMiE17fi$'RCVDATm$11:19:IO AM [Eastern standard riinejmu^ 



01-04-2006 l1:24Alil FROU-AKEiWAN SENTERFIH 



954-759-8911 



T-327 P. 01 8/045 F-244 



HSPS0210 




9^ I llrtBMI 



PME 1IW5'RCVDATm)05 11:19:00 AM[Eastem Standi 



01-04-2006 11:24AM PROM-AKERMAN SENTERPIH 



954-759-8911 



T-327 P. 019/045 F-244 



HSP50210 



Functional Description 

The HSP5021 0 Digital Costas Loop {OCt} cx)nt9ins most of 
the baseband procesdin^ tiinctions needed to Implement a 
digital Costas Loop Demodulator. These functiorts include 
LO generation/mixing, matched filtering, AGC, can-iar phase 
and frequency error detection, timing error detection, carrier 
loop filtering, tilt sync loop fiiteririg, lock detection, 
acquisitjon/traddng ooniroi, and soft dedslor) slidng for 
forward error correction algorilhma. While the DCL is 
designed to worK with the HSP50110 Digital Quadrature 
Tuner (DOT) as a variable rate PSK demodulator for saiellite 
demodulation, functions on the c^ip are common to many 
communications receivers. 

The DCU provides the processing blocks for the three 
tracKIng loops commonly l^und in a data demodulator: the 
Automaac Gain Control (AGO) loop, the Carrier Traddng 
Ijoop, and a Symbol Traddng l-oop. The AGC loop adjusts 
for Input signal power variations caused by path loss or 
sl9nal-w>-noie6 var^ati<^ns. The carrier Tracking locp removde 
the frequency and phase uncertainties in tne earner due to 
osdHaior inaccuracies and doppler. The symbol tracking 
loop removes the frequency and phase uncertainties in the 
data and generates a recovered docK synchronous with ihe 
received data . Each loop oonsjsts of an srro( detector, a ioop 
filter, and a frequency or gain adjustment^contFoi. The AQC 
loop is internal to the DCL, while the symbol end cerrier 
tracKlng loops are dosed external to the DCL. When the 
DCL is used together with ^e HSP501 10. the tracKing loops 
are dosed around the baseband filterir^g to center the signal 
in the finer bandwidth. In additfon* the AGC function la 
divided be^een the two chips with the HSP&0110 providing 
the coarse AGC, and the HSP50210 providing the fine or 
final AGC. 

A top level blodc diagram of the hSP50210 Is shown in 
Figure 1. This diagram shows the m«qor UocKs and the 
muitipiexers used to reconfigure the daia path for various 

architectures. 

Input Controller 

In-Phase (I) and Quadrature (Q) data enters the pan through 
the Input Controller. The ie-bil data enters in either serial or 
parallel fashion using either two^ complement or offset 
binary format. The input mode and binary format is set in the 
Data Path Configuration Control Register, bits 14 and 15 
(see Table 14). 

It Parallel Input mode is selected. 1 and Q data are docked 
into the part through llNI>-9 and QINO-9 respectively. Data 
emerethe processing pipeline when the input enable 
(SYNC) is sampled log^r by the proceasing clock (CLK). The 
enable signai |s pipeflned with the data to the various 
processing elements to minimize pipeline delay where 
possible. As a result, the pipeline delay through the AGC. 
Carrier Tracking, and Symbol TracWng Loop Filtera is 
measured in CLKs; not input data samples. 



If serial input mod© s selected, tne i and Q data enters via 
the ISER and QSER pins using SERCLK and SSYNC. The 
beginning of a serial word is designated by asserting 
SSYNC *high* one SERCLK prior to tne first data bit, as 
shown In Figure 2. On the following SERCUCs. data is 
shifted into tne register until all 1 0 bits have been input. Data 
shifting la than disatHed and tfie contents of the register are 
held until the next a}>sertion of SSYNC. The assertion of a 
S8YNC transfers d^ta into the processing pipeline, and the 
Shift Register is enabled to accept new data on the fallowing 
SERCLK* When data is transferred to the prooessind 
pipeline by SSYNC, a processing enable is generated whicn 
Allows the data tnrough the pipeline. This enabfe allows the 
delay through processing elemenis (like the loop filters) to be 
minimized since their f^pellne delay is expressed in CLKa 
not SSYNC periods. Note: SSYNC should not bo 
assorted for more th^n one SBRCLK cycle, 

^ JTJTJlJTJUlJTJlJ 

' » L I 



eSYNC 



J. 



QsaR 




I I 

|Msa)^^^^^ 

- 8SYNC LEADS Ist lUTA SIT 
OT^: Dare nmt be /oadiotf USB first 
|6UR£ 2. 8EIUAL INPUT TIMING FDR ISERAND QSER INPUTS 

Input Level Detector 

The Input Level Detector generates a one-bit error signal for 
an Bkternal IF AGC dwer and amplifier, Tbe amor signal is 
generated by compa^ring the magnitude of the Input samples 
to a user programmable threshold. The hi^lo pin is then 
driven "high* or "toMr^ depending on the relationship of its 
magrttude to the threshold. The sense of the HULO pin is 
programmable so that a magnitude exceeding tne threshold 
can either be represented as a "high* or Tow' Ksgic state. 
The Input Level Detector (HI/LO output) threshold and the 
sense are set by ih& Data Path Configuration Control 
Register Ints 16-23 :ind 13 (see Table 14). Nts^e; The Input 
Level Oeteetor Is tjfpfcally not ueed In appUoetlone 
which use the HSPSOZiO with the HSPSOIIO, 

The high/low outputs can be imegraied by an external loop 
fitter to dose an AGC loop. Using this method, the gain of 
ihe loop forces me median magnitude of tne input samples 
GO the threshold. Wten the magnitude of naif of the samples 
is above the thresh&ld (and half is i^elow), the error signal is 
integrated to zero by the loop fpter. 

The magnitucje of the complex input is estimated by: 

MaaaO) = |Ilr0.375x|Qi if I >Qand (EQ.1) 
Mag U.Q) - |Q| ^-0.375x|q |fQ>| 
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NCOIMIXW 

rrra NCO/Mixer performs 9 compldx multiply beiM^n th& 
baseband Input and the output of a quadrature NCO 
(NumericaHy Comroded Oscillator). Whan the HSP50210 
(DQT) is used wim thd HSF>501 10 (PCL}, Die NCO/Mixer 
shorrens the Carrier TracKing Loop (I.e., minimizfis pipeline 
delay around the toop) while providing vvide loop 
bandwtdths. This tHsoomes Important when operating at 
symbol rate» near the maximum rango of the pan. 

There era three configurations pos&^ie (or closing the 
Carrier Tracking Loop when the DQT and the QCL are used 
together. The fir^f oonflguratlon utilizes the NCO on the DQT 
and bypasses the NCO in the DCL. The Data Path 
Configuraijon Control Register (see Table 14), bit 10, and 
Can-ler Loop piller Control Register #1 (see Table 20), 6, 
are used to bypass the DCL NCO/Mlxer and route the Loop 
filter outputs, respectively. The DQT provides maximum 
Hes^bility in NCO control wlOi respect w frequency and 
phase offsets 

The second configuration feeds the lead Carrier Loop filter 
term to the DCL NCO/Mlxer, and the lag U^op filler Term 10 
the DQT NCO, This reduces the loop transport delay while 
maintainir^ wide loop bandwWths and reasonable loop 
damping factors. This configuration is especially useful in 
SATCOM applications with madlMm to high symbol rates. 
The Canier Loop Fdiar Control Register ^ , bit 5. is where 
the lead/tag destination is set. 

The final configuration feeds both me lead and Jag Camer 
Loop Filter terms bacK to the DCL NCO/Mixer. This provides 
the enortest transport delay. The DCL NCO/Mbcer provides 
only for frequency/phase control from the Carrier Loop filter. 
The center fi^wency of this NCO/Mixer is set to the average 
of the Upper and Lower Carrier Loop Limits pn^grammable 
parameters. These parameters are set In tne two control 
regi^iers bearing their names (see Tables 22 and 23). 

The NCO/Mlxer vises a complex multiplier to multiply me 
baseoand input by the output of a quadrature NCO. This 
operation is represented by: 



buT - l,NCOSCa>c>-Q,fgSin(a>c> 
^OUT " Hn s*n«ac)-t-Q,NCos«ac) 



(EQ 2) 
(EQ.3) 



Equation 3 illustrates how the complex multipfier implicitly 
performs the summing function wnen tne DCL is configured 
as a modulator. The quadrature outputs of tno NCO are 
generated by driving a sine/ooslne look-up table wit}^ the 
output of a phase accumulator as shown in Figure 3. Each 
time the phase accumulator is docked, its sum is 
incremented by me ooments of the Carrier FrequarwTy (OF) 
Register. As the accumulator sum {ncrements from 0 to 2^^. 
the SIN/COS ROM produces quadrature outputs whose 
phase advances from 0 to 3$0^. The CF Register contains a 
32-btt phase increment wrtich is updated with the output of 



C^^rier TracKing Loop. Large phase increments take fawer 
docks to step through the sine wave cyda. virhich results in a 
higher frequency NCO output. 

The CF Register sets the NCO frequency with the following 
equation: 



32 



CF « iNTftFp/fcLK'Z^JH 



(EQ.4) 



32, 



where fciK frequency, and CF is the 32-bit two's 

complement hexadedmai value k>aded into the Carrier 
Frequency Register. As an example, If the CF Register is 
loaded with a value of 4000 0000 (hex), and the CLK 
frequency Is 40MHz, the NCO would produce quadrature 
terms with a frequericy of l0A4liz. When CF Is a negative 
value, a dockwisa ois/sin vector rotation is produced When 
CF is positive, a oounterdodcwise vector rotation is 
produced. 

NOt£: Tfid NCO is set to a /Zxed trB^uoncy byfiro^nmmina tff^ 
Ufifi^0Mhwofllmn9 of the CarrlBr itaeklnaljoop Finer to t/ie 
same M9/ue aiMf ^aroijig the leatf gain 

Matched FiltBring 

The HSP50210 provides two selectat^e matched filters: a 
Root Raised Cosine Filter (RRC) and an Integrate and 
Dump (l&D) filler. TTiese are shown In Figure 3. The RRC 
filter is provided for ^shaped data pulses and the l&D filter is 
provkied for square wave data. The filters may be cascaded 
tbr better acQaoent channel rejection for square wave data, if 
these two fiftara do not meet baseband filtering 
requirements, then triey can be bypassed and an external 
digital fUter (such as the HSP43168 Dual FIR Filter or the 
H$P43124 Serial I/O Filler) used to implement the desired 
matched filter. The desired filter configuration is set in the 
Data Path Configuration Control Register, bits 1-7 (see 
Tai;de14). 

The sample rate of tne baseband input depends on the 
symbol rate and filtSiring configuration onosen. in 
configurations whid-i bypass lx>th fitters or use only the RRC 
Filter, the input sample rate must be twice the synibd rate. In 
configurations which use the t&O Filter, the input sample rate 
is decimated t>y the i&D Filter, down to two samples per 
symDol. t&D configurations support input sample rates up to 
32 times the input symbol rate. 

The RRC filter Is a fixed ooeffident 15 Tap FIR filter, it has 
-40% excess bandwidth beyond Nyqulst which equates to 
a = *0.4 Shape factor. The filter frequency response Is 
shown in Figure 4 and Figure 5. In addition, the 8-bit filter 
coefficients are listed as irUeger values in Table 1 . The noise 
equivalent bandwidth of me RRC filter and other fUter 
configurations posside witn tne HSP50110/210 cnlpsei are 
given In Appendix A. 
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FIGURE 4. RRC FIlTER IN H&PS0210 
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RGURE 5. PASSSAND RIPPLE OF RRC FILTER IN HSP$0210 
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The tw 1)iter consists of an accumula(or, a programmable 
shifter and a two aampl9 summer as shown in Figure 3. The 
programmabia shlftar Is poovlded to compensate for the gain 
intrcxjuced by the accumulator (see Table 14). The 
accumulator provjd&s Integrate and Dump Patenn9fbr 
decimation tactors up to 1 6. The Uto sample summer 
pnovidas the moving- avefage required for an additional 
decimation factor of 2. A dedmation lector oT 1 (bypass). 2. 
4, 8, 1 e, or 32 may Eio sejeeted. At the maximum decimation 
rate, a baseband sidnal sampled at 32 times the symbol rate 
can be filtered. 

The output of the two sample summer is domulupiexBd into 
two sample streams at the symbol rate. The demultiplexed 
data streams thsm tfie i and Q processing paths are fed to 
me Symbol Trading BlocK and Soft decision siicer. The 
multipioxed data stroams on I and Q are prwided as one of 
the selectable lnput:» far the Canesian to Polar Converter. 

Cart^ianlPol^r Converter 

The Cartesian/Polar Convmermaps samples on the I and Q 
processfno paths to their equivalent phase/magnitude 
repfeaeniation. The magnitude conversion Is equivalent to: 

ceQ.s> 



Mad(LQ)« l0.81)•^^J^ 



vvhere O.dl is the gain of the conversion process. The 
magnitude output is an 8-blt unsigned value ranging from 0.0 
to 1.9822. 
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The ph£ide oonvdrsion is eqaivaiem to: 
PnasoaQj = lan"\Q/1J, 



(EQ.6) 



where Urr'^i ) is the arctangent tvinction. Tna phase 
conversion ogtput Is an two's compiemem output ^icn 
ranges from -1 .0 to 0.9922 (80 to 7f HEX, respectively). The 
-1 to almosl 1 ranse of the phase output represents phase 
values from -tt to Jt, respectively. An example of the l/Q to 
pha&e mapping is shovn In Rgur© 6. Tne phase and 
magnitude values may he csutput via the Ouipui Selootor Ut^ 
0<^ (see Table 42), 
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1J) 




INPUT PHASE 

FIGURE 6C. CARTESIAN/POUAR CONVERTER PHASE OUTPUT 



The I/O dam path selected for input to the Cartesian to Polar 
converter determineQ the input data rate of the AGC and 
carrier traddng loops. If the I/O data path out of the integrate 
and Dump Rier Is soiacted, the AGC (s fed with magnitude 
values procuced by the ena-symPo| samples. Magnitude 
values produced by midsymbol samples are not used 
because tnesQ samples occur on symbol transitions, resulting 
in poor signal magnitude estimates. The Camer Tracking 
block is fed with pha&e values generated from txath the end 
and mid-symbol eamplea. The carrier tracking looptiltar, 
however. Is only fiad with Phase Error terms generated by the 
end symbol samples. If the input of the l&O is selected for 
input to the coordinate oonverter, the control loops are ted 
with data ai the t/Q data rate. The desired data path input to 
tne Cartesian to Polar converter Is spedfied in the Data Path 
ConfigumGon Control Reglstar, bit B (see Tabia 14). 

AGC 

The AGC loop operates on the main data path (I and O) and 
perrorms inree sign^ii levet adjusting tuncdons; 1} 
maximizing dynamic range. 2} compensating for SNR 
variations, and 3) maintaining an optimal level into the Soft 
Decision Silcer. The AGC |joop Block Diagram, shown in 
Figure 7. consists of an Error Detector, a kxiop Filter, and 
Signal Gain Adjusters (multipliers). The AGC Error Detector 
generates an error signal by subtractinQ the programmable 
AGC threshold from the magnitude output of the Cartesian 
to Polar Converter. 1 hie diffisrenco signal is scaled (gain 
adjusted via multiplier and shifter), then filtered (IntagrataO) 
by tne AGC Loop F^ter to general© the gain oorrecijon to the 
I and Q signals at the multipliers, if a fixed gain is desired, 
set the upper and lower limits equal. 

The ACC responds lo the magnitude of the sum of ail the 
signals in the bandpass of the narrowest filter preceding the 
Cartesian to Polar Coordinate Convener. This filler may be 
the Integrate and Dump filler shown in Figure the RRC 
filter upstream in the HSP50210 data path, or some other 
filter outsMe the DDL chip^ The magnitude signal usually 
contains several components: 1 ) the signal of interest 
component, 2} tne noise component, and 3) interfering 
signals component. At high 8NR*s the signal of interest Is 
significantly greater than the ^her components. At lower 
SnR's, components 2 or 3 may become greater than the 
signal of Interest, Narrowing the filter bandwidth is the 
primary technique used to mitigate magnitude contributiona 
of component 3. This will also improve the SNR by 
requdng the magnitude contributions of element 2, 
Consideration of the range of signal amplitudes expected 
into the hSP502lO, In conjunction with a gain distribution 
analysis^ will providi^ the necessary insight to set the signal 
level into the Soft Decision Slicer lo yield optimum 
performance. Noto: Mlum to consiflertho variations 
due to fiofea or int^arlng slanals, can result in signal 
Umtnng (n the HSP90910 processing aigortthms, whicft 
wili degrade ttte system BH Error Rate performance. 



3^ 
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The AGC Loop is configured by tho Power Petect Thresnol^ 
Qnd AC^C Loop Parameters Control Registers (see Tet^tes 15 
and 16). S^van programmable parameters must be est to 
configure the AGC Loop and its status outputs. Two 
parameters, the Power Threshold and the AGC Threshold 
are a&sodated v^th the Error Detector and are represented 
In fractfonal unslanod Wnary tbrniat 2^.r'^ 2-^2-^2^2- 
^•^2'^ . While the formal provides a range from 0 - 1.9961 
for the thresholds, the Carto^an to Polar Converter scales 
the I and Q Input magnitudes py 0.81 . Thus. If a full scale 
(£1) comply (I and Q) Input signal is presented to the 
converter, the output wiO be -^(0.81 )^ + (0.81 )^ = 1 .1 4S5. The 
AGC Threshold parameter value is the desired magnitude of 
the signal as ii enters ttie Soft Decision Slicer. Ills the 
parameter that will determine tha error signal in the AGC 
loop. The Power Threshold, on the ot her hand, d etermines 
only me power threshold at which the THRESH signal is 
asserted . If the sig nal megnityde exceeds the threshold, 
then the THRESH is asserted. This may be used for signal 
det^dn. power detection or external AGC Qn:>gnd the AfO 
converter. The AGC Threshold parameter is set in the AGC 
Loop Parameters Control Register, bits 16-23 (see Table 16). 
Tne Power Threshold parameter Is set m the Power Detect 
Threshold Control Register, bits 0-7 (see Table 15). Note 
that these two threshold parameters are not required to De 
set to identical or even related values, since they perform 
Independent functions 

The Enable AGC parameter sets tne AGC Error Detector 
output to zero if asserted and to normal error detection 
output when not asserted. This control bit is set in the AGC 
Loop Parameter Control Register, Wi 3i (see Table 16). This 
bit is used to disable tne AGC loop. 

Tne remaining AGC parameters aetermine the AGC loop 
cftaracterlstics: gain tracKing. tracKing rate and tracking Pmits. 
The AGC Loop gain is set vfa two parameters: AGC Loop 
Gain Exponent and AGC (joop Gain Mantissa. In general, the 
higher the loop gain, (he fester signal level acquisition and 
tracing, but this must be tempered by the specific signal 
charactehsties of the application and the remaining 
programmable foop parameters. For tne hSP502iO, tne AGC 
Loop Gain provides (ior a variable attenuation of the input to 
the loop fitter. The AGc gain mantissa is a 4-btt value which 
provides error signal scaling from 0.000 to 0.9375, with a 
resolution of 0.0625. Table 2 details the discrete set of 
decimal values possible for the AGC Loop Gain mantissa. The 



exponent provides a shift feoor scaling from 2'^ to 2"^^. 
Table a detail the discrete set of dddmai values possible fof 
the AGC Loop Gain Exponent. V^en com^ned, the exponent 
and mantissa provide a loop gain defined as: 



AGC Loop GaimG^Q^ = (tMx2"*J]K2^^''^^J3 



(£0.7) 



where M is a binary number with a range from 0 to 15 and E 
Is a 3-bit binary value from 0 to 7. M and E are the 
parameters sat In the AGC Loop Parameters Control 
Register, bits 24-30 (see Table 18). The composite range of 
^e AGC toop Gain is 0.0000 to [0.9375][2-7]. TItis will scate 
the AGC error signal to a range of 0.000 to 
(1,1455)(0.9375)(2-7) = 1.07297(2-7). 

TABLE 2. AGC LOOP GAIN 8IIIARY MANTISSA TO DECIMAL 
SCALEh MANTISSA MAPPINQ 



BINARY 
CODE 
(MMMW) 


DECIMAL 
SCALED 
MANTISSA 


BINARY 
CODE 
(MMMM) 


DECIMAL 
SCALED 
MANTISSA 


0000 


a.OOOO 


1000 


0.5000 


0001 


0.0625 


1001 


0.5625 


0010 


'J.1250 


1010 


Oj3250 


0011 


0.1875 


1011 


0.6875 


0100 




1100 


0.7500 


0101 


0.3125 


1101 


0^25 


0110 


a3760 


1110 


0.8750 


0111 


0.437S 


1111 


0je375 



TA6LE3. AGC LOOP BINARY EXPONENTTO SCALED 
DECIMAL ^PONENT MAPPING 



BINARY CODE 
(EEE) 


DEC^MAUHEX 
EXPONENT 


DECIMAL SCALED 
EXPONENT 


000 


0 




001 


1 




010 


2 




on 


3 


2-10 


100 


4 


2-11 


101 


5 


2-12 


110 


6 


2-13 


111 


7 


2-14 



3-fO JpftMM I 
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t indicatBs a rrncroprocessor control signaL 



FlOURE 7, AGC L0OI> BLOCH DIAGRAM 



Thd AGC Loop Rlter integrates the scaled error signal to 
prosnde a cx^rradion control term to 9ie multipfiers in the I and 
Q path. The loop fUter ecxx^muletor has internal upper and 
loiiver limiters. The upper eight in'ts of the accumulator output 
map to an exponent and mantissa format that is used to set 
these upper and lower limits. The format illustrated in Figure 
8, is used Apt the AGC Upper Umil, A(3C t.ower Limit and the 
Correction Controf Term (AGC output). This ^mat^ should not 
^ confused with me similar fbrmai used for the AGC Loop 
G^n. The input to ihe AGC Loop Filter is induded lO Figitfe 8 
to show the relative weight) ng of the Input to output of the loop 
filler. The loop filler Input (a r^resented as the eleven latter 
"GTS. Lovw case "e" and Tn" detail the formal for tne AGC 
Upper and Lower Limits. This change In type case should help 
keep tne AGC Limtts and AGC Gain formats from being 
confused. The AGC Upper and Lower Umits ore set in the 
AGC Loop Parameters Corvrof Register, bits 0-i5, (see Tane 
16). This 6-bii unsigned mantissa format provides for an AGC 
output control range from 0,0000 to 0.9844, with a resorution 
of 0,01 5626. The 2-Dit exponent format provides an AGC 
ouipui oonproi range irom 1 to a. The decimal values for egcn 
of the 64 Dinarv mantissa values is detailed in Table 4. while 
Table 5 details the decimal value for the 4 sKponem values. 



Tne AGC Output is implemented In the multiplier according 
to Equation 8. 



OUt^fiC-qe ^^^1 1(1.0 rm^(5g}t2^] 



{£Q.eA) 

<EQ.d&) 



where m and e are the binary values for mantissa and 
exponent found inT^btes 4 and 5, 

NOTB:TM$ fonnat M ktwttcat a> tne Ihmtet ifsof/fopnisirafn th9 

giummed value, ttfs a represeniatfoa of Ut^aigtUtiAOC output 
ttumberwMch fa pfeuantB<$ to the fiafn Ai(lus9w(aw9ttp9!m) to 
correct ths gain of t/»9 / antf QKfata s/g/ia/ff In t/ie main data path. 

These equations yii-^d a composite (mantissa and 
eocponent) AC^ output range of 0.0000 lo 1 .9844(2^} w^icn 
Is a logarithmic rancie from 0 to 24d6. Rgure 9 has graphed 
the results of Equation 8 for both the linear and logarithmic 
equa^ons. Figure 9 also has a linear estimate of the 
logaritnmic equation. This linear approximation will be used 
In c:alcuiating the AGC response time. 



2l 2^ j^l 2-2 2^ 2-S 2-6 2-7 2^ 2"® 2"'^ T'^ ' 2*'^ 2*^^ 2"^5 2-ifc 2"''^ 2"^® 
ee.mmmmmm ggog GG go gg g 

R6URE 8. AGC OUTPUT ANI> AGC UMITS BrT WEIGHTING 
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TABLE 4. AGC GAIN MANTISSA TD DECIMAL MAPPING 



BINARY CODE 
(MMMMMMagc) 


DECIMAL 
VALUE 
OFAGC 
MANTJSSA 


BINARY CODE 
(MMMMMMagc) 


DECIMAL 
VALUE 
OF AGC 

MANTISSA 


OOOOOO 


0.000000 


100000 


0.500000 


00000*1 


0.01 562S 


100001 


0.5l5fi25 


000010 


0.031250 


100010 


0.531250 


000011 


0.04eS7S 


10O011 


0.546875 


000100 


0.062500 


100100 


0.562500 


000101 


0.078ia5 


100101 


0.578125 


000110 


0.0d37S0 


100110 


0.693750 


000111 


0.109375 


100111 


0.609375 


001000 


0.12S0QO 


101000 


0.625000 


001001 


0.140625 


101001 


0.640625 


001010 


0.1562S0 


101010 


0.656250 


001011 


0.171S75 


101011 


0.671875 


001100 


0.167500 


101100 


0.687500 


001101 


0.203125 


101101 


0.703125 


oonio 


0.218750 


101110 


0.718750 


001111 


0.234375 


101111 


0,734375 


010000 


0.250000 


110000 


0.750000 


010001 


0.265325 


110001 


0766625 


010010 


0.281250 


llOOlO 


0.781250 


010011 


0.296875 


110011 


0.7d6875 


010100 


0.312S00 


110100 


0.812500 


010101 


a326125 


110101 


0.828125 


010110 


0.343750 


110110 


0.843750 


010111 


0.359375 


110111 


0.858375 


011000 


0.375000 


111000 


0^5000 


011001 


0.3£K}825 


111001 


O.890625 


011010 


0>40e2SO 


111010 


0.806280 


011011 


0.421875 


mon 


0^1875 


oinoo 


0^937500 


111100 


0.937500 


011101 


0.453125 


111101 


0.953125 


011110 


0-468750 


111110 


0.068750 


011111 


0.484375 


linn 


0.984375 



TABLE 5. AGC EXPONENT TO DECIMAL MAPPING 



BINARY CODE 


DECIMAU HEX 
EXPONENT 


DEQMAL SCALED 
EXPONENT 


00 


0 


20 


01 


1 


2^ 


10 


2 


22 


11 


3 


23 




GAIN CONTFDl. WORD 
(S MSOb CP {.OOP FILTER ACCUMULATOR) 

FieUREa GAIN CONTROL TRANSFER FUNCTION 



Thare are two techniques tbr setting a fixed gain for iho 
AGC. The first is to set Control Word 2 oit 31 = 1 . This 
preciudes any error vi panto of present AOC gafn value. Trte 
second is to set the upper and lower AGC limits to the 
desired gsifn using Figure a. The upper and loww limits 
have the same value for this case. 

The HSP50210 provides tvw> mechanisms for monitoring 
signal strength. Tn« first, wnich involved the THRESH 
signal, nas already been described. The second 
mechanism is via the Microprocessor Inierface. The 8 most 
significant bits of thv AiQO loop filter output can be read by 
a microprocessor. Refer to the Microprocessor interface 
Section tbr details cf hovu to read this value. This AQC 
value has tne format described in Figure 0. 

AGC Bit Weighting and Loop ResponsB 

The a6C loop response Is a function cf the programmable 
gain, the bit weightings Inherent In the connection of each 
element of the loop, the AQC Loop filter Pmlts and the 
magnitude of the input gain error step. Table 6 details the bit 
weighting between each element of the AOC Loop from the 
error detector through the weighting at the gain adjuster in 
the signal path. The AGC Loop Gain sets the grovrth rare of 
the sum In the loop tiller aoctmuilator. The Loop filter output 
growth rate determines how quidoy the AGC loop traces the 
transfer function shown previously in Figure 9. To calculate 
the rate at which the AGC can acOust over a given period of 
time, a gain step Is introduced to tne gain error detector and 
the amount of changa that is observed between dodcs at the 
^C Level AcflusterCi (muttipliers) is tne AOC response time 
in dB per symbol. This AGC loop will respond immediately 
with the greatest oon'ection term, then asymptotically 
approqch ^ero correction. 

We begin calculation of the loop response with a full scale 
error detector input of z1 . This ertor Input Is scaled by tne 
Cartesian to Polar converter, the error deiec&or and the AGC 
Loop Gain, accumulated in me loop fjiter. limited and output to 
the gain adlusiars. The AGC loop tries to maKe the error 
oorreciion as quickly as possible, but is nmited by tne AGC 
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Loop Gain and potentially; the AGC (imits. Tho maximum AGO 
rdsponsD Is the maximum gain actju&tment made in any given 
ck)ck cyda This invDivdS applying maximum Loop gam and 
setting the AGC limits as wide as possible. A calculation using 



only exponent temis of the various gains will be sufficient to 
yield a rough order of magnitude of the rang« of the AGC 
Loop response. The results are shaded in the last column of 
Table 6 and prth/tded (n detail In Equations 9A and 93. 



TABLES. AGCBITWQfihTlKG 



AGC 
ACCUM 

6IT 
POSITION 


GAIH 
ERROR 
INPUT 


GAIN 
£RROA 

BIT 
WEIGHT 


AGC LOOP 
RLT£R gain 
(MANTISSA) 


AGC LOOP 
FILTER 
GAIN 
MULTIPLIER 
(OUTPUT) 


Aijv- 
LOOP 
FILTER 
6AINOTS 
KEPT 
(md) 




SHIR 

= 0 


SHIFT 
-7 


AGC 
OUTPUT 
AND AGC 

LiMlTS BIT 
WeiGHT 


AGC GAIN 

(dB) 


22 














Shifter 


E 


1 


12 


21 












Shifter -5r 


E 


0 


6 


20 












Muttipti9r--» 




M 


-1 


3 


19 
















M 


-2 


15 


18 
















M 


^ 


0.75 


^7 
















M 




0.375 


16 
















M 


-5 


0.1875 


15 












Multiplier 




M 




0.09375 


14 
















mm 








13 
















1 


Q 


-a 


0.02344 


12 
















2 


G 


-9 


0.01172 


11 
















3 


G 


-10 


0.0058S 


10 
















4 


0 


-11 


0.00293 


9 
















5 


0 


-12 


0.00146 


8 


a(S) 




0, 


121S) 


12(S) 


= 1 


1 


6 


G 


-13 


0.000732 


7 


7 


= ()♦ 


X 


11 


11 


sa 








■mam 




6 


6 


-1 


X 


10 


10 


= 1 


1 




G 


-IS 


0.000183 


5 


5 


= 2 


X 


e 


9 


= 2 


2 




G 


-16 


0.0000916 


4 


4 


= 3 


X 


e 


6 


-3 


3 




G 


-17 


0.0000458 


3 


3 


= 4 




7 


7 


= 4 


4 




G 




0.0000229 


2 


2 


= 5 




6 




= 5 


5 




•19 


0.0000114 


1 


1 


= 6 




5 




^6 


6 




-20 


O.O00Q0S72 


0 


0 


= 7 




4 










-21 


0 00000286 










3 






















2 






















1 






















0 















AGC ResponseiyiAx - Input (Cartesian to Polar Con^^erter Gaifi)(Enor Oawcwr GB)n)CAGC Loop Gain)(AGC Ouipui Weignting) 
AGC RespoosOMAX - an(0 6k0.6k2-')C24) = 4l(2*)(24) = 0.04688dBteyfnM flrvta 



(EQ.8A^ 



Where (0.5) is Vie MSB of the 0.81 scaling in ma Cartesian to Polar Coordinata Converter. (0.5) Is ihe MSB of the manti$&a of ttie 
Loop Gain, (2'^) ie the maximum shift gain, and 24 is tne maximum loop fitter gain. 

A sImHar procedure is used to calculate the minimum AGC response rate. 

AGC ResponseMiN " i1l0.5)(0.5}(2-^^24) = ^^tt^^) 0XX)0366dB/symtiQl time 
Thus, the expected range ibr the AGC rate Is approximately 0.0004 to 0.046daB/dymt3o| time. 
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1 . If M Mixer IS enaUfid me rssiA or the camplGK multiply is scaled py tuM> (G = 0.5). If me mixer is oypussed. the data passes unmocfifiea (G ^ i .0). 

2. If tno $%oot Raisecl Cosjna fOx^ is ensplod, a gsln of C = 1 .13 Is tnvoctucea. If ma RRC fillers bypassed, the gam Is iml^y. 

3. If me integrate and Purr^ Filter Is bypassed me Sample Pair sufnmer has a gain of G = 1 ,0 ana me 2'^-blt positian is set to i . if me integiaie 
and dump is enaMed, the sample pair Sivn is scaled Dy one halt (G =7 0.6), 

4. The negative sign on the MSBs indicates ose of 23 oompiement data fbmiaL 

FIGURE 10. GAIN DISTRIBUTION AW INTERMEDIATE BIT WEIGHTINGS 



Gain DisMbution 

The gain disiribuiion in the DCU is shown In Figure 10. 
Thdso gains consist of a oomoination of fixed, 
programmable, and adaptive gains. The fixed gains are 
intrcducad by processing elements such as the IMtx^ and 
Square Root of Root Raised Cosine Filter. The adaptive 
gains are set to compensate for variations in input signal 
strength. 

The main signal path, v^tn processing block gains and path 
bit weightings, js sptown In Figure 1 0. Tfie quadrature inputs 
to the HSP50210 are iQ-bil fractional two's complement 
numbers with relative bit weightings, as shown in the 
Figure 10. The first element In the processing chain is the 
Mixer, wnich scales the quadrature outputs of the com^ex 
multiplier by 1/2 providirtg a gain of G = 0.5. tf the Mixer is 
bypassed. Oie signal is passed unmodified with a gain of l .0. 
Following The mixer, the quadrature signal is passed to the 
fixed coe^cient RRC filtering block, which has a gain of 1 .13 
if enabled and 1 .0 if bypassed. Next, the AGO supplies gain 
to maintain en opiimaj signal level at the Input to tne Soft 
Deosfon Slicer. Cartesian to Polar Converter, and the 
Symbol Tracking Loop. The gam supplied by the AGC 
ranges from 1 .0 to 1 .g844*2^. 



Following the AGO, the signal path is limitecl to 8 bits and 
passed IhroMgh the integrete and Dump R(ter en route to the 
Soft Decision Slicer ^nd Symbol Tradcing Block. The i&D 
Filter uses an aocurriulaior together «rfih a sample pair 
summer to acf^ve me desired dedmaqon rate. The IW 
shifter is ;^x>vided to compensate for the gain Introduced by 
the I&D Accumuiatoi. The accumulator introduces gam equal 
to the decimation ^ctor R, and the snifter gain can be s^ to 
1/R. For example, if the I&D Rlter decimation of 1 6 is chosen 
the l&O Accumulator will accumulate 8 samples before 
dumping, which produces a gain of 8. Thus, for unity gain, the 
l&P Shifter would be set Ibr a gain of Z^. The Sample Pair 
Summer Is unity gain since its output is scaled by one^if. 

Symbol Tracking 

The Symbol tracking loop adjusts the baseband sampling 
frequency to Ibrce sampling of the baseband waveform at 
optimal pnaints for dala decisions. The Key elements of tt^ 
loop qre the Sampling Error Detector and Symbd Tracking 
Loop FRTar shown in Figure 1 1 . The output of these two t>loc4C3 
is a frequency ccrrec;tion term which is used to aqjust the 
baseband sample fr^quency external to the HSP50210. In 
typical ap^icatjons. tne frequency oon^ection temt is fed back 
10 the HSP501 10 b adjust baseband sampling via the 
Resampling NCO (soa HSP50110 Datasnsat). 
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Sampling Error Detector 

The Sampling Error Deteaor is a dedsjon basea error 
detector Which determines sampling errors on Doth the i end 
Q processing pa&is The detector assumes that it is fed with 
samples of the baseband waveform taken in the middle of 
tne symbol penod imicl-symboj sampe) ana beivveen 
symbols {end-symbol sample) as shown In Pfgure 12, The 
sampling error is a measm of now fer the mid-symbol 
sample Is from the symbol translUon mld-^point. The 
transition mid-point js half way between tw» symbol 
decisions. The detector makes symbol decisions hy 
comparing the end-symbol samples against a selectable 
threshold set (see Modulation Order Seiea bits 9-1 0 in Table 
28). The error term is generated by subtracting the mid- 
symbol sample from the transition mtd-point. The sign of the 
error term is negated for negatively sloped symbol 
transitions. If no symbol transitions are detected ihe enw 
detector output is zeroed. Errors on both the i and Q 
processing paths are summed and drvUled by two If Double 
f^n en-or detection |s selected (see Symt»)i TracKing 
Configuration Control Register, bit 8: Table 28). 

The sampling Error Detector provides an error accumulator 
to compensate for the processing rale of the loop fllter. The 
error detector generates outputs at the symbol rate, but tne 
loop filter can only accept inputs every eight fcuK clocKs. 
Thus, if !he symbol raie is fester than i/8 CLK, the error 
accumulator should be used to accumulate the error until the 
loop filler is ready tbr a new input. If the error accumulator is 
not used when the symbol rate exceeds 1/8 CLK, some error 
outputs will be missed. For example, If fcLK * 40MH2. then 
error accumulation is required for symbol rates greater than 
5 MSPS (fcLK^)- No^: The loop fitw lodti g^ln torn 
im/er be ecaM aeconiingty If the accumulator Is u9od. 



END-eYMGOL 
aAMFuE 




TRANSmON 
MIDPOINT 

FIGURE 12. TRACKING EBR0RA&80CIAT&P WITH 

BASEBAND SAiWPUNG ON EfTHER I OR Q RAit 
(BPSK/QFSK) 



Symbol Tracking Loop Filter 

The Symbol Tracking loop Filter Is a second order lead(Jag 
tmer. The sampling em^r Is weighted by the lag gain and 
accumulated to give the integral response (see Figure 11). 
The Lag Accumujatcir output is summed wiih cha sampBng 
error weighted by tht«^ Lead Gain. The result Is a frequency 
term which Is output serially, via the SOF output, to the 
NCO/VCO oontTDlilng ihe baseband sample rate (see Serial 
Output Section). In basic configuraiions, the SOP output of 
the HSP50210 Is connected to the SOF input of me 
HSPSQIIO. 

iVro sets of registoTo are provkied to swe tne loop gain 
parameters assoctaied with acquisition and tracking. The 
appropriate loop gam parameters are selected manually via 
the Microprocessor interface or automatically via the Carrier 
LOCK Detector. The toop filter^ lead and lag gain terms are 
represented as a muntlssa and exponent. Tne mantissa is a 
4-bit value which welghis the loop Hiter Input from i .0 to 
1.9375. The eocponent defines a shift factor tnat provides 
additional weighting from 2~i to 2*^. Together tiie loop gain 
mantissa and exponent provide a gain range between 2*^ 
and'-I.O as given by. 

Lead/Lag Gain = (1 .0-rW2^r2-<^ '^^ (EQ. 1 0) 

where M = a 4-bil binary number from 0 to 15, and E is a 5-hit 
t)inary value ranging from 0 to 3i . For example, rf M ° OiOi 
and E = 001 1 0» the Cain = 1 ,31 25*2"^^, Tney are stored In the 
Control Registers described In Table 3i and Table 32. 

A llmiter Is provided on the lag acajmulator output to keep trie 
baseband sample r&te within a user defined range (see Table 
29 and Table 30). If ^e lag accumulator exceeds either the 
upper or lower limit, the accumulator is loaded wt^ the limit. 
For addmonal loop filter control, the loop filter output can be 
irmn by asserting ine F^ST pin which null the sampling 
error term into the rcop fitter. The lag accumulator can be 
initiafeed to a panicular value and can be read via the 
mlcrc^jfooessor interface as described in tne Section 
•Reading from the Microprocessor Interlace-, and Table 33. 
The symbol tracktng loop (liter bit werghSng is identical to the 
carrier tracking loop bit wet^^ilng, shown in Figures 9 and 10. 

Soft Decision Sllcer 

Tne Soft Dedsion Siicer encodes the l/Q end-symboi 
samples into 3-bit soft decisions. The input to the siicer is 
assumed to be a bl-polar (2ary) baseband s^nal 
representing enoodtxl values of either *l' or '0*. The most 
significant bit of me 3-blt soft decision re^^sms a hara 
dedsion with respent to the mid-p«nt between the eocpecied 
symDol values. The 2 USBs represent a level of confidence 
m the decision. They are determined t?y comparing the 
magnitude of the slii^r input to multiples [^x, 2x, and 3x) of a 
programmable soft decision threshold (see Figure 13). 
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TABLE 7. 8UCER INPUT TO OUTPUT MAPPING 



•VPECISIQN 




PRQBABIUTY 
DewfilTY 
FUNCTION 



XXX XXX 




FIGURE 13. OVERLAY Of THE HARD/SOFT DECISION 

THRESHOLDS ON THE SYMBOL PROBABILITY 
DENSITY FUNCTIONS (PPF«) FOR BPSK^QPSK 
SIGNALS) 

The soft decision threshold represents a range of 
magnitude values from 0.0 to -0.5. Note: 5/nce tho input 
to fh9 9HcBr h99 a range of 0.0 to '^1.0, the threshoM 
6Mlng shoufci bo set to fea« th^n 7«0/2 ^ 0.3^ 77i/a 
avo/ds Mftfi^tfon. Tne siicar deeislona are output in either 
a two's oomplement or sign/magnitude Ibrmat (see Soft 
Decision Siloer Configuration Control Register, bit 7: Table 
40). The sBcer input to output mapping for a rar^e of Input 
magnitudes (S given in Table 7, For example, a negative 
Input to the slicer \^ho$e magnitude Is greater than twice 
the programmable threshold but less than 3x the threshold 
would produce a sign/magrutude output of 110 (BINARY). 
The I and Q Inputs to the slicer are encoded into 3-bit soft 
decisions ISOFT(2-0) and QSOFT(3-0), These signals are 
routed to the OUTA(9-4) outputs by the Output 
Configuration Control Register Selector bits 0-S (see 
Table 42). 
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Carrier Phase Error Detector 

The earner Phase isn'or is computed by removing tho 
phase modulation from the phase output of the Cartesian 
to Polar Converter. To remove the modulation, the phase 
term is rotated and multiplied (modulo 2?i) to fold the Phase 
Enx)r into an arc centered about 0^ but encompasses the 
whole plane, as shown in Figure 14. The phase rotation is 
performed by adding a 4-l>it Iwo^ oomplemwt phase offset 
(resolution 22.5°) to the 4 MSSs of the S-bit phase term. 
The multiplication h perlbrmed by left shifting the result 
from 0-3 positions with the MSB's afscaraed and zeros 
inserted into the L&B^. For example, Canier Pfiase Error 
produces |/Q constiillatlon poinis which are rotated from 
the expected constellation points as shown in Figure 14. By 
adding an offset of 46*^ (0010 0000 binary) and multiplying 
by 4 (left shift by two positions) the phase modulation is 
removed, and the error is folded into a 90^ are centered at 
0*^. The left axis repfesents a decision boundary of ±45°C, 
implying the vertical axis is i22.5° as shown in Figure 14. 
The phase offset and shift factors required for different PSK 
orders is given In Tablo 8. Configuration of the Carrier 
Phase Error DelBctor is done via the Canier Phase Error 
Detector Control Register, bits 0-6. (see Table 1 7). The 
Phase Error term may be seieaed for output via tna Output 
Selector Configuration Control Register, bits 0-3 (see 
Table 42). 
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In appiicatjons where Phase Error terms are generated 
faster man the processing rate of the Camer Loop Rtter, an 
error accumulator is provided to accumulate errors until the 
loop filter is ready for a pew input Phase Error terms are 
generated at the rate I/O samples are input to ihe Cartesian 
to Polar Converter. However, the Carrier Loop Filter can not 
accept new input faster than CLK/6 since six CLWcik) 
cjocK edges are required to complete its processing cycle, if 
the error accumulator ie not used and the l/Q sample rate 
exceede CLlC/6, error terms wiU be missed. 

NOTH: The C9nlv Phase Bnor farms Input to the loop mBTBtB 
only genvatad ftom tha end^ymtal ssmplos whan tf^e oullpiit 
aftha MO ff/ler Is aaleetad for input to tha Cwtos/«fMO-mar 
corw0rt0r. 

NOTB: Thaioopfllterle^gahitannmustbascslettaccardlngljr 
if tha 6ceumul9tor!s used 

ptPECTEO 
CONSTEUATIDN 

^ POINT 

ACTUAL- ~ 
CONSTHUimaN 
POMT 




PHASe ROWION By 4SO MUUTIPUCAHOH BY 4 

(MODULO 21K) 

PROJKrTlON OF PHASE ERROR (Sg) ABOUT 0" 
FIGURE 14. PHASE ER80R DETECTOR OPERATION (QPSK) 
TABLE 8. BASIC PHASE ERROR DETECTOR SETDNGS 
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Carrier Loop Filter 

The Canrier Loop Filler l» second order lead/tag f^er as 
shown in Rgure 14. The loop filter is similar to the Symbol 
Trade! ng Ux>p Ritar except for the s^dditional lemis frc^ the 
AFC Loop Filter and ihe Frecjuency Sweep Block. The 
output of the Ui9 Accumulator is summed with the weighted 
Phase Brrof term on the lead path to produce a frequency 
control term. The Carder Loop Finer is oonflgMred for 
operation lay the Control Registers qescripeq in Taoles 20 
to 27. 



The Carrier Tracking Loop is dosed by using the loop filter 
output to control the NCO or VCO used to down convert the 
channel of interest tn basic oonfjguRtions, the frequency 
oorrectlon term controls the Synthesizer NCO In the 
HSP50110 Digital Quadrature Tuner via the COF and 
COFSYNC pins of tlie HSP50210*3 serial interface (see 
Serial Output Section), In appHcatjons where the carrier 
tracking is performed using the NCO on board the 
HSP5Q21Q. the loop filter output is led to the on-board NCO 
as a frequer^cy control 

The gain for the lead and lag paths of the Canier Loop Filter 
are set through a pr«3grammabte mantissa and exponent. 
The mantissa is a value which weights the loop filter 
input from 1 ,0 to 1 .937&. The exponent defines a shift factor 
that provides additicnal weighting from 2"'^ to 2^^^. Together 
the loop gain mantissa and exponent provide a gain range 
between 2"^ and -^1 .0 as given by. 

Lead/Ug Gain = (1 .Q+M'Z^rZ^^ (EQ. 1 1 ) 

where M = a 4-bit binary number from o to 15. and 6 is 
a 5-bit binary value ranging from o to 3i . For example, if 
M = 0101 ano e = QP110. the Gain = 1 .3125*2'^, The loop 
gain mantissa and exponent are set In the Carrier Ijoop Qain 
Control Registers (see Tables 24 - 25). 

The Phase Error input to the Canier Loop Filter is an 6-bil 
fractional two's complement number between to -1 .0 
(Format -2^. 2-W^2^2^2^^). Some LSB*s are zero 
for BPSK, QPSK and 8-PSK. if minimum loop gain Is used, 
the Phas« Error is sriifted in significance tiy 2"^. With 
maximum loop gain, the Phase grror is passed almost 
unattenuatod. The OMtpulof the Carrier Loop filter is a 40-bit 
fractional two's oomplemeni number between -1 .0 and -1 .0 

(Format -2^. rh'^T^ 2"^2"*°). In typical applications, 

the 32 MSSs of the loop fitter ogtput represent the 
fj-equency control word needed to adjust the down 
converting NCO for phase lock. Tables 9 and 10 illustrate 
the bit weighting of the Carrier Loop Filter into the NCO for 
both tracking and acquisition sweep modes. 

A Hmlter is provided on the Carrier lag accumulator output to 
keep frequency tracking within a user defined range (see 
Tables 22 - 23). If the lag accumulator exceeds either the 
upper or lower |in* the accumulator is loaded with the limit 
For addiiiorval loop filter control, tfte Canier Loop Filter 
output can be frozen by asserting the FZ.CT pin wftich nulla 
the Phase Error term Into the loop filter. Also, the lao 
accLimuiator can ha initialized to a particular value via the 
Microprocessor Interface as described In Table 27 and can 
De read via the rrdcroprocessor interface as described In 
"Reading from the IVlicroprocessor Interface Section". 
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